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ABSTRACT 
The fossil record of basal monocots (Acorales and Alismatales) extends back to the Cretaceous in 
the Northern Hemisphere. While many fossils were originally assigned to these basal groups, rigorous 
paleobotanical studies show many of them to be misidentified. Acarus fossils have been reliably 
reported from the Eocene while those of Alismatales extend back to the early Cretaceous. The fossil 
record of basal monocots is usually represented by leaves, fruits, and seeds; however, some localities 
preserve stems with attached leaves and roots and even whole plants. A detailed examination of leaf 
venation patterns in alismatids has recently allowed the description of a new taxon from the Upper 
Cretaceous of Alberta based on leaves attributed to Limnocharitaceae. Anatomically preserved alis-
matid petioles (Heleophyton helobiaeoides) and well-preserved flowers/fruits are known from the 
Middle Eocene Princeton chert of British Columbia. A complete developmental sequence from flower 
to fruit is known, and this material has good possibilities for whole plant reconstruction. The extinct 
floating aquatic Limnobiophyllum (Araceae!Lemnoideae) and the genus Pistia have been the subject 
of morphological cladistic analyses and competing hypotheses of relationships among aroids and 
duckweeds. The fossil record and recent molecular studies support separate origins of Pistia and the 
duckweeds from within Araceae. The fossil taxon "Pistia" corrugata has been reexamined in light 
of new evidence and indicates the presence of a new genus that shows leaf morphology unlike that 
seen in extant Pistia, but with a similar growth habit. Fossil evidence indicates that the floating aquatic 
habit probably arose at least three times within Araceae. 
Key words: Acorales, Alismataceae, Alismatales, Araceae, Lemnaceae, Limnobiophyllum, Limno-
charitaceae, Pistia. 
INTRODUCTION 
The fossil record of basal monocots (Acorales and Alis-
matales) extends back to the Cretaceous in the Northern 
Hemisphere. While many fossils were originally assigned to 
these basal groups, rigorous paleobotanical studies have 
shown many of them to be misidentified. The fossil record 
of monocots was reviewed by Daghlian (1981), and most 
recently by Herendeen and Crane (1995). The early Creta-
ceous record was later reviewed by Gandolfo et al. (2000). 
As Herendeen and Crane (1995) point out, there are diffi-
culties in recognizing monocots as fossils due to the lack of 
synapomorphies for the clade and the types of morphological 
characters that might be seen in fossils. Furthermore, mono-
cots make up only 22% of the total species diversity for 
flowering plants (Mabberley 1987; Herendeen and Crane 
1995). Since most monocots are small and herbaceous and 
their flowers are mainly insect pollinated, potential for pres-
ervation of their pollen is especially low (Herendeen and 
Crane 1995). Nevertheless, good examples of monocots are 
present in the fossil record including flowers, pollen, fruits, 
seeds (some with embryos), leaves, stems (some with at-
tached roots and leaves), and even whole plants are known 
in some cases (see Daghlian 1981; Muller 1981; Erwin and 
Stockey 1991, 1992, 1994; Herendeen and Crane 1995; Gan-
dolfo et al. 2000; Smith and Stockey 2003). The fossil record 
suggests that monocots diversified rapidly in the Late Cre-
taceous but that their origins were much earlier (Gandolfo 
et al. 2000). 
Phylogenetic analyses based on morphology (Dahlgren 
and Rasmussen 1983; Dahlgren et al. 1985; Donoghue and 
Doyle 1989; Loconte and Stevenson 1991; Doyle and Don-
oghue 1992; Stevenson and Loconte 1995), those based on 
molecular characters (Chase et al. 1993, 2000; Duvall et al. 
1993a, b; Qiu et al. 1993, 2000; Bharathan and Zimmer 
1995; Davis 1995; Nadot et al. 1995; Nickrent and Soltis 
1995; Davis et al. 1996, 1998; Rice et al. 1997; Soltis et al. 
1997, 1998, 1999, 2000; Angiosperm Phylogeny Group 
(APG) 1998; Duvall 2000; Graham et al. 2000, 2006; Sa-
volainen et al. 2000; APG II 2003; Borsch et al. 2003; Hilu 
2003; Duvall and Ervin 2004; Tamura et al. 2004) and com-
bined morphological and molecular analyses (Doyle et al. 
1994; Chase et al. 1995; Doyle and Endress 2000; Stevenson 
et al. 2000) all indicate that the monocots are nested deeply 
within the angiosperms. The placement of monocots within 
angiosperm phylogeny as a whole varies with the taxa and 
genes that are included in an analysis. Despite these mor-
phological and molecular analyses, the sister group of the 
monocots is still not completely resolved (Duvall 2001; Du-
vall and Ervin 2004). Nonetheless, most workers agree that 
the group is monophyletic, usually with Acorus at the base 
of the monocot clade, based on molecular characters (e.g., 
Duvall et al. 1993b, 2001). However, morphological analy-
ses have often conflicted with this interpretation and several 
molecular studies do not place Acorus in the basal position 
definitively (Nadot et al. 1995; Soltis et al. 1997; Qiu et al. 
2000; Stevenson et al. 2000; Duvall 2001; Duvall and Ervin 
2004). 
The fossil record has the potential to provide important 
data for first occurrences of major monocot groups. Remem-
bering that first occurrences in the fossil record provide min-
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imal dates for the antiquity of monocot taxa, one can assume 
that groups were present prior to their first occurrence as 
fossils. It is, therefore, very important that fossil plants be 
studied rigorously and that the data they provide be used 
cautiously when estimating dates of first occurrence. Each 
fossil has a certain amount of morphological, and sometimes 
ecological, data to impart and it is important that we pay 
attention to the signals these fossils provide. Ideally, we 
should aim for whole plant reconstructions. While such re-
constructions are often tedious and time consuming, the data 
that they provide, about character evolution and the complex 
nature of character changes with time, are vital for resolving 
the overall pattern of phylogeny and for understanding the 
evolutionary pathways that have led to extant lineages. Such 
data provide the crucial link between the paleobotanist and 
neobotanist that is needed to develop more robust phyloge-
nies. 
The goal of this paper is to review the fossil record of 
basal monocots, Acorales and Alismatales (including Ara-
ceae), and evaluate the characters used to assign the fossils 
to these groups. New fossil evidence is also presented for 
Cretaceous aquatic plants from North America from several 
different localities based on leaves, infructescences and 
whole plants. The importance of fossils in our understanding 
of monocot evolution, and for dating the nodes in cladistic 
analyses are explored. 
Acorales 
The earliest report of fossil Acarus L. was that of Heer 
(1870) from the Miocene of Spitsbergen. Acarus brachys-
tachys Heer was thought to represent an inflorescence or 
spadix that was attached to and jutting out at an angle from 
a leaf-like spathe (Fig. 1). Closer examination of these spec-
imens (Bogner 2001) showed that they were not Acarus in-
florescences, and flowers were not present; but a series of 
helically arranged scars can be seen on the surface. K vacek 
in Bogner (2001) has suggested that these specimens are 
actually Eocene in age and the short shoots of Nordenskioel-
dia borealis Heer emend. Crane, Manchester et Dilcher, also 
found at the same locality. Nordenskioeldia borealis, a dicot 
from Trochodendraceae, was a widespread taxon in the 
Northern Hemisphere that probably grew by long-shoot/ 
short-shoot growth (Crane eta!. 1991). Specimens like these 
were linked to the characteristic fruits of N. borealis by an-
atomical similarities to the infructescence axes, the form and 
arrangement of the lenticels on the long shoots, and their co-
occurrence at numerous localities (Crane eta!. 1991). 
Another potential acoralean, Acoropsis eximia (Goeppert 
et Menge) Bogner (Conwentz 1886; Bogner 1976) from the 
Eocene Baltic Amber, was reexamined by Bogner (1976). 
While the specimen is well preserved, Bogner (1976) and 
Mayo et a!. ( 1997) regard this infructescence as an aroid, 
family Araceae, tribe Monstereae, because of its lack of te-
pals. So while this specimen is not acoralean, it may still be 
an early representative of the basal monocots. 
The type specimen of Aracaeites fritelii Berry (1916) was 
reexamined by Crepet (1978). The specimen is incomplete, 
but shows little morphological similarity to Acarus. Like 
"Acarus" brachystachys, this specimen shows helically ar-
ranged diamond-shaped scars and may represent a short 
shoot of some dicot like Nordenskioeldia. Aracaeites pari-
siense Fritel (1910), from the Paleocene of France, a taxon 
based on what was described as an incomplete inflorescence, 
is even more poorly preserved and its affinities remain in 
doubt (Mayo et a!. 1997). 
The only fossil material described to date, for which af-
finities to Acarus are accepted, are two small spadix speci-
mens lacking a spathe from the Lower Eocene Wilcox flora 
of the southeastern USA. Originally described as Acarus 
heeri Berry (1930), Acorites heeri (Berry) Crepet, known 
from one inflorescence attached to a slender axis, was re-
investigated by Crepet (1978). An additional partial speci-
men from the same locality, originally found by Dilcher 
(1971), shows cuticular preservation that could be closely 
compared to extant taxa. Acorites heeri shows helically ar-
ranged perfect flowers on an inflorescence axis with a tri-
locular ovary, bilocular anthers, and a small orbicular stigma 
(Crepet 1978). One specimen shows remains of perianth and 
paracytic stomata. Crepet ( 1978) suggests that these inflo-
rescences are most closely comparable to Acarus based on 
morphology of the spadix, lack of a spathe, presence of a 
floral envelope, and structure of the epidermis. However, the 
presence of stomata on the perianth and a longer stalk on 
the inflorescence in the fossil indicate that some differences 
occur between this taxon and extant Acarus. Without whole 
plants, however, it is unadvisable to put these remains into 
the extant genus; and Crepet (1978) described them as Acor-
ites rather than leaving them in Acarus. The acceptance of 
these fossils as representatives of Acoraceae (Mayo et a!. 
1997) make these the oldest known fossils of the family. 
Fruits and seeds thought to belong to Acorales were listed 
by Nikitin (1976) from the Quaternary Mamontovoj Gory 
Flora of Russia. Katz eta!. (1965: Plate 24, Fig. 3-7) illus-
trate these specimens showing an obovoid fruit that still 
shows some stylar remains and an obovoid seed that shows 
small isodiametric cells in surface view. Mayo eta!. (1997) 
accept this record of fruits and seeds because of similarities 
of this material to those of extant Acarus species. 
To show the problems of interpretation for fossil com-
pression remains of monocots, I illustrate structures that look 
like elongated spadices with four-parted flowers from the 
Paleocene Hanna Formation of Wyoming (Fig. 2, 3). Fossils 
like these are also known from the Paskapoo Formation (Pa-
leocene) of Alberta and are found in the coarser sandstones, 
and in overly fine-grained mudstones containing leaves of 
Zingiberopsis Hickey et Peterson (Stockey pers. obs.). We 
have not been able to demonstrate the floral nature of these 
structures. In fact, the larger specimens (e.g., Fig. 3) have 
been thought to represent rooting structures of some kind 
(Brown 1962; D. R. Braman pers. comm., 2003). Only fur-
ther extensive collecting at such sites will provide the data 
needed to interpret these fossil remains. 
Recently, one specimen has been found of what appears 
to be a very large unisexual spadix bearing fruits (Fig. 4). 
Fruits are ovoid and slightly striated or ribbed showing what 
is probably an attenuate style tip. Where the fruits have ab-
scised, there are densely packed scars (Fig. 4). Similar, but 
smaller, infructescences are known infrequently in the fossil 
record (e.g., Berry 1931 ). These fossils are most often found 
as isolated occurrences and the foliage to which they belong 
is unknown. Therefore, unless more specimens or well-pre-
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Fig. 1- 7.- Fossil monocots and putative monocots.-1. "Acarus" brachystachys (S RM 50252) X 1.5.-2. Spadi x- like structure (DMNH 
22479) X 0.8.-3. Several axes, like that in Fig. 2, attached at right angles showing root-like nature (TMP 88.02.22) X 1.1.-4. Spadix-
like structure with dispersed seeds aod seed scars on axis (DMNH 232 19) X 0.7.-5. Cardston.ia tolman.ii leaf (UAPC-ALTA S55 138A) 
X 3.5.-6. Cardston.ia tolman.ii leaf margin showing primary veins aod secondary veins at right angles (UAPC-ALTA S52272) X 8.-7. 
Cardston.ia tolman.ii leaf showing secondary ve ins and polygons of aerenchyma ti ssue overlapping veins (APC-ALTA S52263A) X 32. 
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served specimens are found their affinities remain in doubt. 
Paleobotanists have decided to get at this problem in two 
ways. Firstly, to look for localities where monocot fossils 
are common. Secondly, we collect and study this material in 
a more systematic manner, trying whenever possible to re-
construct whole plants. This is the most difficult and time-
consuming job. 
Alismatales 
Alismatales today contain aroids and alismatids (formerly 
Arales, Alismatales, Hydrocharitales, Aponogetonales, 
Scheuchzeriales, Potamogetonales, and Triuridales) and all 
of the taxa formerly regarded as Helobiae (Tomlinson 1982). 
One of our localities near Cardston, Alberta, Canada, in the 
Late Cretaceous (late Cenomanian to early Maastrichtian) St. 
Mary River Formation has yielded large numbers of aquatic 
plants, both dicots and monocots, as well as heterosporous 
aquatic ferns (Rothwell and Stockey 1993; Stockey and 
Rothwell 1997; Riley and Stockey 2004). Three types of 
broad-leaved monocots and leaves of sabaloid palms are 
present at the Cardston site. Over 50 specimens of leaves of 
Cardstonia tolmanii Riley et Stockey (2004) have recently 
been described (Fig. 5). Leaves range from 3.5-8.5 em wide 
and 5-12 em long with cordate bases. They are long petio-
late and were buried in situ with the petioles extending 
downward into the sediment (Fig. 5, 8). Five to seven major 
veins enter the petiole, and the outermost branch to form 
23-27 primary veins that converge just beneath the leaf apex 
at an apical pore (Fig. 5, 8, 9; Riley and Stockey 2004). 
Major and minor secondary veins in an ABAB pattern 
(Hickey and Peterson 1978) diverge at angles of 45-65° near 
the midvein and 90° near the leaf margin (Fig. 6, 8). Details 
of leaf venation were compared to several taxa of Alisma-
tales that showed some similarity in form, including those 
in Alismataceae, Aponogetonaceae, Hydrocharitaceae, Lim-
nocharitaceae, Potamogetonaceae (as well as those of Ama-
ryllidaceae, and Stemonaceae). Compressions are preserved 
in such fine-grained sediments that the underlying structure 
of aerenchyma can be seen (Fig. 7). Riley and Stockey 
(2004) placed these leaves into a new genus Cardstonia 
Riley et Stockey of Limnocharitaceae with closest similari-
ties to Limnocharis Bonpl. This study pointed out the need 
for a careful reexamination of leaves of extant alismatids and 
their venation patterns, which has so far not been done in a 
systematic way. 
Fossil leaves similar to those of Cardstonia have been 
described by various authors in the genus Haemanthophyl-
lum Budantsev. The type specimen of Haemanthophyllum 
(H. kamtschaticum Budantsev 1983) from Kamchatka and 
some of the described species, e.g., H. cordatum Golovneva 
(1987) from the Maastrichtian to Danian deposits of the Kor-
yak Highlands, Russia, show most similarities to Cardstonia. 
The merging of the primary veins with the leaf margin (a 
character common in Alismataceae but not Cardstonia) dis-
tinguishes Cardstonia from fossil Haemanthophyllum 
leaves. 
Further confusion over Haemanthophyllum has resulted in 
use of this name by various authors for leaves of differing 
morphology. Some of the described species have leaves 
more similar to those of Aponogeton L. f. (Golovneva 1997). 
Furthermore, if incomplete specimens are known (e.g., a 
portion of a cordate base with primary and secondary ve-
nation present), these pieces of fossil leaves might even be-
long to Stemonaceae or other widely divergent monocot 
families (Riley and Stockey 2004). It is, therefore, important 
to collect complete specimens and as much of a fossil plant 
as possible before taxonomic decisions are made as to affin-
ities. 
Leaves, previously assigned to Alismataceae that have 
been rejected due to incomplete preservation, include: Alis-
macites primaevus Saporta (1894), rejected by Teixeira 
(1948); Alismaphyllum victormasonii (Ward) Berry (191J), 
rejected by Doyle (1973), and Doyle and Hickey (1976); 
Alismaphyllum cretaceum Berry (1925), rejected by Dagh-
lian (1981). Alismaphyllites grandifolius (Penhallow) Brown 
(1962) and fruits of Sagittaria megaspermum Brown (1962) 
from the Paleocene of North Dakota and Wyoming were 
tentatively assigned to the family by Daghlian (1981). How-
ever, in light of the studies of Haemanthophyllum and Cards-
tonia (discussed above), these remains need to be reinves-
tigated with well-preserved material. Haggard and Tiffney 
(1997) reject Sagittaria megaspermum as a member of the 
family. 
Most of the fossil pollen record of Alismataceae, like that 
of megafossils, is dubious (Erwin and Stockey 1989). All of 
the described pollen listed in Muller (1981) is regarded as 
pending further documentation. 
The fossil record of fruits of Alismataceae was reviewed 
by Haggard and Tiffney (1997). Seven extant genera so far 
have been recorded in the Miocene and Pliocene of Europe 
and Siberia (Haggard and Tiffney 1997). Fruits of Alisma L. 
have been reported from the Oligocene of England (Chan-
dler 1964) and the Miocene of Russia (Katz et al. 1965). 
These seem to be well documented and well preserved. Al-
isma-like fruits and seeds are also known from the Oligocene 
of Russia and have been included in the genera Sagisma 
Nikitin and Caldesia Pari. (Dorofeev 1963; Tahktajan et al. 
1963; Daghlian 1981). Fruits included in the genera Alisma 
and Butomus L. by Mai (1985, 2000) are known from the 
Miocene and Oligocene of Europe from several localities. 
The fossil record of Caldesia was extensively reviewed 
by Haggard and Tiffney ( 1997), with a leaf record reported 
from the Miocene Clarkia Flora of Idaho (Smiley and Rem-
ber 1985). Fruits of Caldesia are known from the Oligocene 
through the Pleistocene (Dorofeev 1977; Haggard and Tiff-
ney 1997; Mai 2000) and occur in North America in the 
Miocene Brandon Lignite (Haggard and Tiffney 1997). The 
study of Haggard and Tiffney (1997) is particularly impor-
Fig. 8-15.-Basal monocots.-8. Cardstonia tolmanii showing cordate leaf base and petiole dipping into matrix (UAPC-ALTA S50947A) 
X 7.5.-9. Cardstonia tolmanii leaf showing primary veins converging at apical pore (UAPC-ALTA S52295) X 4.-10. Heleophyton 
helobiaeoides petiole cross section showing five series of vascular bundles (UAPC-ALTA P2313 B top #1) X 50.-11. Heleophyton 
helobiaeoides vascular bundle showing protoxylem lacuna (dark) and two large thin-walled tracheary elements beneath (UAPC-ALTA 
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P23 13 B top #0) X 465.-1 2. Heleophyron helobiaeoides longitudinal section of protoxylem lacuna showing ce ll s with thickened inner 
walls and scalariform th.ickenings on thin-walled xylem (UAPC-ALTA P23 I 3 B side #0) X 415 .-13. Small fl ower in cross section showing 
four carpels, two tepals, bract, and remajns of stamens (U APC-ALTA P583 1 B bottom #8) X 70.- 14. Longitudinal section of flower 
showing apocarpus gynoecium and two stamens (UAPC-ALTA Pl 63 1 B top a #15) X 75.-15. Oblique transverse section of flower 
showing carpels with styles that extend out late ra lly (UAPC-ALTA B bottom b #42) X 75. 
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tant because these authors not only describe new material, 
but study seeds of extant Caldesia using scanning electron 
microscopy of sections as well as external surfaces. This 
type of anatomical study and/or sectioning of alismatid plant 
material are needed to help paleobotanists interpret the iso-
lated organs found in many deposits. 
One locality that preserves fossil alismatids in anatomical 
detail is the Princeton chert of British Columbia, Canada. 
The first of the described taxa was Heleophyton helobiaeo-
ides Erwin et Stockey (1989), based on a petiole of an aquat-
ic alismatid. The H. helobiaeoides petiole is rectangular in 
section with 36 circular-to-oval vascular bundles in five se-
ries (Fig. 1 0), similar to those described for Sagittaria L. 
and Echinodorus Rich. ex Engelm. (Meyer 1932, 1935). In-
dividual vascular bundles are most similar to those described 
for Butomus L. (Cheadle and Uhl 1948), with a protoxylem 
lacuna that is surrounded by a ring of cells with a thickened 
inner wall, thin-walled xylem with annular, helical-to-sca-
lariform secondary wall thickenings, and a well-developed 
phloem strand (Fig. 11, 12). Several types of monocot stem 
remains are also present in the chert and we are trying to 
reconstruct the Heleophyton Erwin et Stockey plant. 
One possible alismataceous floral type has also been iden-
tified in the Princeton chert (Fig. 13-15). Large numbers of 
these flowers are found scattered throughout the chert ma-
trix. The small flowers (0.8 mm in diameter) are apocarpous, 
with four carpels, four stamens, two tepals, and a bract or 
prophyll. While the anthers are filled with gold contents, the 
structures inside are only 6-8 1-1m in diameter and were de-
scribed by Currah and Stockey (1991) as the spores of smut 
fungi, the first evidence of Ustilaginales in the fossil record. 
The structure of these flowers is similar to those of Apon-
ogetonaceae, however, the presence of four rather than six 
stamens precludes their assignment to this family. The po-
sition of stamens relative to carpels precludes assignment in 
Potamogetonaceae. Further study of these flowers and a re-
construction of their morphology is underway (Smith and 
Stockey 2004 ), as well as a developmental sequence of the 
laterally flattened fruits (Fig. 16) produced by these flowers. 
Large numbers of vegetative remains occur along with the 
flowers and fruits and it is hoped that a whole plant recon-
struction will be possible. 
Leaves assigned to Aponogetonaceae were described by 
Zhilin (1974a, b, 1989) and Pneva (1988) from the Oligo-
cene of Kazakhstan. However, Golovneva (1997) has treated 
some of this material in Haemanthophyllum. Much of it is 
known from small fragments and more material is needed to 
describe these taxa in detail. Boulter and K vacek's (1989) 
material of narrow, oblong leaves with parallelodromous pri-
mary venation, from the late Paleocene/early Eocene of Ire-
land, resembles Aponogeton tertiarius Zhilin (1974b), but 
more material is needed to confirm the affinities of this and 
other fossil leaf fragments assigned by some to Haemantho-
phyllum, Aponogetonaceae, or Potamogetonaceae (see Riley 
and Stockey 2004 for a review). 
Potamogetonaceae are well represented in the fossil record 
of the Tertiary at some localities (Mai 2000). Exceptionally 
well-preserved Potamogeton L. leaves have been reported 
from the late Miocene Styrian Basin at Worth near Kirch-
berg/Raab in Austria that show epidermal cell outlines (Ko-
var-Eder and Krainer 1990; Kovar-Eder 1992). The fruit rec-
ord of Potamogetonaceae was reviewed by Collinson (1982) 
in which she emends Reid and Chandler's (1926) diagnosis 
of the extinct genus Limnocarpus Reid and describes five 
new fossil taxa: Selseycarpus, Eulimnocarpus, Limnocarpel-
la, Medardus, and Palaeoruppia. These five genera contain 
taxa formerly treated in Limnocarpus by Chandler (1961 ), 
Dorofeev (1968), and Buzek and Holy (1981). Collinson 
(1982) describes a new genus based on fruits, Midravalva 
Collinson from Saudi Arabia that shows affinities to modem 
Ruppia L. The genus Limnocarpus is now restricted to bi-
carpellate, laterally flattened fossil fruits with a triangular 
germination valve. Collinson (1982) provides a table of com-
parison of these taxa and the results of a morphological cla-
distic analysis using 15 fruit characters. In light of recent 
cladistic analyses (Les et al. 1997), Ruppia is considered to 
be in its own family and its inclusion in Hydrocharitaceae 
makes the family biphyletic (Judd et al. 2002). Clearly, 
whole plant data for many of the fruits and seeds known in 
the Tertiary would be invaluable in our understanding of 
these taxa. 
Hydrocharitaceae are represented by seeds of Hydrocharis 
L. (Mai 1999, 2000) from the Miocene of Lausitz and Stra-
tiotes L. beginning from the Late Paleocene of England 
(Collinson 1986, 1990; Collinson et al. 1993), Eocene and 
Upper Oligocene to Upper Miocene in Europe (Mai 2000; 
Kvacek 2003). Mai (1999) provides a key to the Eocene 
seeds. Mai and Walther (1978, 1985) recognize Ottelia Pers., 
Hydrilla Rich., Vallisneria Scop., Hydrocharis, and Strati-
otes based on seeds from the Upper Eocene WeiBelster-
Becken near Leipzig, Germany. Stratiotes by far has the best 
fossil record with 15 extinct species described (Cook and 
Urmi-Konig 1983). Leaves similar to Thalassia Banks and 
their crystals were described by Brack-Hanes and Greco 
( 1988) from the Eocene of Florida and the seagrass com-
munity by Ivany et al. (1990). Wilde (1989) described leaves 
similar to Hydrocharis based on venation and well-preserved 
cuticle with anomocytic stomata in the freshwater deposits 
from the Eocene of Messel, Germany. Leaves of Hydro-
chariphyllum buzekii Kvacek (2003) have been described 
from the Miocene Most Formation of north Bohemia, Czech 
Republic. 
Najadaceae seeds are common in the Oligocene of Europe 
(Friis 1985; Mai 1985; Collinson 1988; Collinson et al. 
1993). These resemble extant Najas L. and about 17 species 
have been described from the Tertiary (Friis 1985), most of 
these from Russia (Dorofeev 1963, 1966, 1969, 1978). 
Cymodoceaceae, a family of five marine genera, Posidon-
iaceae with one genus, and Zosteraceae with three genera, 
which live in marine or brackish water (Cook 1990), have 
very problematic fossil records. Daghlian ( 1981) and Kuo 
and McComb (1998a, b, c) have reviewed these records and 
agree that most of them are unreliable. Kuo and McComb 
(1998a) do accept the records of Thassocharis Debey from 
the Upper Cretaceous of The Netherlands (Voigt and Domke 
1955) and Thalassodendron den Hartog from the Eocene of 
Florida (Lumbert et al. 1984). These authors did not review 
the records of Posidoceafrickingeri Gregor (1991) from the 
Paleocene of Italy or the newly described Posidonia Konig 
fossils from the Eocene near Hallthurm (Gregor 2003) that 
are believed to be reliable (J. Bogner pers. comm., 2004). 
A preliminary report of two types of timorous staminate 
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Fig. 16-20.-Basal monocots.-16. Longitudinal section of fruit showing uniform fruit wall and one seed (UAPC-ALTA P 1631 C bottom 
#23) X 70.-17. Longitudinal section of Keratosperma allenbyense seed showing micropyle with cover (at top), epistase, hypostase, and 
podium. Hollow area at right indicates position of the raphe (UAPC-ALTA P5836 El bottom #2b) X 40.-18. Limnobiophyllum scutatum 
group of four small rosettes attached by stolons (not visible) (UAPC-ALTA S37120A) X 1.5.-19. Stan1inate flower of Limnobiophyllum 
scutatum (UAPC-ALTA S37247) X 187.-20. Limnobiophyllum scutatum leaf surface showing smaJJ epidermal ceJJs, trichomes (dark), 
and large polygons of underlying aerenchyma tissue (UAPC-ALTA S37267B) X 40. 
flowers similar to Triuridales appeared in the Allon Flora of 
the Late Cretaceous (Santonian) of Georgia, USA (Heren-
deen et aJ. 1999), but these flowers have not yet been for-
mally described. Additional evidence of the family Triuri-
daceae was reported by Gandolfo et aJ. (2000) with well-
preserved, charcoalified flowers from the Old Crossman 
Clay Pit in New Jersey. These flowers from the Raritan For-
mation are Upper Cretaceous (Turonian) in age and are aJso 
the oldest known unequivocal monocot flowers (Gandolfo et 
al. 2002). Only small staminate flowers have so far been 
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identified but they are well preserved, with six tepals and 
three stamens containing prolate, monosulcate pollen. Gan-
dolfo et al. (2002) describe these remains in three separate 
species: Mabelia connatifila Gandolfo, Nixon et Crepet, M. 
archaia Gandolfo, Nixon et Crepet, and Nuhliantha nyan-
zaiana Gandolfo, Nixon et Crepet. Mabelia connatifila has 
basally connate filaments, ornamented anthers, pores on the 
connective extensions, psilate pollen, and a fiat glabrous re-
ceptacle, while M. archaia has sunken anthers, lacks anther 
ornamentation and pores, and has reticulate pollen and an 
elevated glandular receptacle (Gandolfo et al. 2002). Nuhl-
iantha nyanzaiana has a central pistillode surrounded by the 
stamens, shorter connective extensions, and finely reticulate 
pollen (Gandolfo et al. 2002). Gandolfo et al. (2002) com-
pare their flowers to those of the All on locality and state that 
one of the flowers described by Herendeen et al. ( 1999) is 
very similar to their species Mabelia archaia; the other 
seems to be a new taxon (Gandolfo et al. 2002). Gandolfo 
et al. (2002) further suggest that this fossil material may 
indicate that the triurids are a very early branch within the 
monocots or that the monocots themselves are much older 
than was previously recognized. It is possible that this floral 
type is basal. Cladistic analyses using these floral remains 
found them nested within a completely saprophytic Triuri-
daceae (Gandolfo et al. 2002). With only floral remains, 
however, it is difficult to say what kind of habit these plants 
displayed. It is hoped that more localities, such as these two 
from the Cretaceous of North America, will be found and 
that vegetative remains may help in our understanding of the 
evolution of the saprophytic/mycotrophic habit that occurs 
in the extant monocots of this family. 
Araceae 
Araceae have been the subject of extensive review in the 
past few years (Mayo et al. 1997; Keating 2002). Mayo et 
al. ( 1997) devote a short chapter to the fossil record includ-
ing leaves, spadices, fruits and seeds, and pollen. Fossils 
excluded from Araceae are also discussed by these authors. 
Additional reviews appear in Gregor and Bogner ( 1984, 
1989) and Grayum (1990). Keating (2002) emphasized sev-
eral interesting aspects of this record and added some recent 
data. Some of these taxa have been discussed above, e.g., 
the reproductive structures of Acoropsis eximia. I will only 
discuss the new or most significant records here. 
The oldest Araceae fossils reported to date are mesofossils 
of Mayoa portugallica Friis, Pedersen et Crane from Torres 
Vedras in the Western Portuguese Basin (Friis et al. 2004). 
This species was described based on large masses of pollen 
attached to a cutinized structure. However, preservation is 
too poor to allow for the interpretation of inflorescences or 
flowers (Friis et al. 2004). Grains are inaperturate, elliptical 
with a striate surface, and are compared with pollen of sub-
family Monsteroideae, tribe Spathiphylleae (Friis et al. 
2004). 
The oldest megafossil remains of Araceae may be those 
of an aroid infructescence from the Late Cretaceous (Cam-
panian) of southern Alberta, Canada (Bogner et al. 2005). 
The specimen, although incomplete, is permineralized and 
represents what is interpreted as a spadix that probably had 
bisexual flowers with a trilocular gynoecium and one ellip-
soidal, ribbed, anatropous seed per locule (Bogner et al. 
2005). Fruits are surrounded by the remains of six tepals in 
whorls of three, and the carpels show attenuated styles. Bog-
ner et al. (2005) believe that this fossil spadix shows affin-
ities to subfamily Orontioideae, but that it probably repre-
sents a new genus with spadix and stylar region similar to 
those of Symplocarpus Salish. ex Nutt. (Orontioideae) (Bog-
ner et al. 2005). 
The best-known aroid fossils are those of fruits and seeds 
(Mayo et al. 1997). These have been reviewed in detail by 
Madison and Tiffney (1976), and Gregor and Bogner (1984, 
1989). There is a good fossil record of subfamilies Mon-
steroideae and Lasioideae from European brown coals of 
Oligocene, Miocene, and Pliocene age (Mayo et al. 1997). 
Three fossil genera: Epipremnites Gregor et Bogner, Scin-
dapsites Gregor et Bogner, and Urospathites Gregor et Bog-
ner are known from Europe (Gregor and Bogner 1984, 
1989). The best known of the fossil aroid seeds is Kerato-
sperma allenbyense Cevallos-Ferriz et Stockey (1988) from 
the Middle Eocene Princeton chert of British Columbia, 
Canada (Fig. 17; Smith and Stockey 2003). Seeds are ana-
campylotropous with a warty seed coat (containing scattered, 
round idioblasts), a single dorsal ridge, and two lateral ridges 
(Smith and Stockey 2003). There is a thin micropylar cover, 
an epistase or nucellar cap (Fig. 17), and evidence of mu-
cilage in the space below the micropyle. Seeds have a prom-
inent hypostase and podium at the chalaza! end. Endosperm 
and a monocotyledonous embryo were reported in some 
seeds (Cevallos-Ferriz and Stockey 1988). These seeds were 
compared in detail anatomically to those of extant aroids 
(Seubert 1993, 1997) and represent the oldest evidence of 
the lasioid clade (subfamily Lasioideae) (Smith and Stockey 
2003). 
The fossil leaf record, like that of alismatids, is problem-
atic, but some good examples are known in North America, 
and some of these are from aroid groups that, according to 
molecular phylogenetic analyses, are derived (Mayo et al. 
1997). Hickey (1977) described large leaves of the genus 
Peltandra Raf. from the early Eocene Camel's Butte Mem-
ber in the Golden Valley Flora. These large leaves have from 
8-10 parallel veins running along the margin and show the 
distinct pattern of Peltandra. Peltandra primaeva Hickey 
differs from extant species in having a greater number of 
marginal veins and a wider marginal zone (Hickey 1977). 
Large leaves described as Philodendron limnestis Dilcher et 
Daghlian (1977) from the Eocene Claiborne Formation of 
Tennessee, with well-preserved upper and lower epidermis, 
show prominent vein patterns typical of some Araceae. 
Dilcher and Daghlian ( 1977) originally classified these re-
mains in Philodendron Schott subgen. Meconostigma Schott. 
In a later monograph of this subgenus by Mayo (1991), it 
was suggested that these leaves are probably more similar 
to the genus Typhonodorum Schott. Typhonodorum and Pel-
tandra today are classified in the subfamily Aroideae, tribe 
Peltandreae (Mayo et al. 1997) that seems to have been com-
mon during the Eocene in North America. 
Nitophyllites zaizanica Iljinsk., from the Paleocene of Ka-
zakhstan, was originally thought to represent an alga, but 
was later included in Podostemaceae (Iljinskaya 1963). In 
1975 Fedotov placed this material in Araceae. He compared 
this taxon to Alocasia G. Don and Colocasia Schott, but 
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these leaves are fragments and better material is needed for 
a full description (Dilcher and Daghlian 1977). They differ 
from "Philodendron" limnestis in having numerous anas-
tomoses of the marginal veins, stomata rarely found on the 
adaxial surface, and lack of epidermal papillae (Dilcher and 
Daghlian 1977). 
Other tribes of Araceae, subfamily Aroideae, are repre-
sented by leaves. The best known of these are Caladiosoma 
miocenicum Berry from the Miocene of Trinidad (Berry 
1925) that may represent tribe Caladieae Schott. This leaf is 
generally accepted as aroid and similar to Caladium Venten-
at or Xanthosoma Schott (Mayo et a!. 1997). 
Araceophyllum Krause! (1929) leaves were described 
from the Miocene and Pliocene of Sumatra. Mayo et a!. 
(I 997) distinguish two types of leaves: Araceophyllum en-
gleri Krause! that they include in subfamily Pothoideae Engl. 
and Araceophyllum tobleri Krause! in subfamily Monstero-
ideae, tribe Monstereae Engl. Clearly this genus needs to be 
recircumscribed and the two species described in separate 
genera. Other species assigned to Araceophyllum, A. stria-
tum Weyland (1957) and A. tarnocense Risky (1964), are 
regarded as too incomplete to even be included in the family. 
Araciphyllites austriacus J. Kvacek et Herman nom. inval. 
(2004) is a species recently described from the Cretaceous 
(Campanian) of Grtinbach, Austria. Unfortunately, this spe-
cies is based on a type ("Araciphyllites tertiarius (Engelh.) 
Wilde, Z. Kvacek et Bogner 2003") that has not been pub-
lished and the genus is, therefore, nomen nudum. K vacek 
and Herman (2004) describe this genus as showing a vena-
tion pattern similar to Lysichiton Schott and Orontium L. 
(Araceae, subfamily Orontioideae Mayo, Bogner et Boyce) 
with an incomplete, wide, multistranded midrib. Lateral 
veins in A. austriacus arise at steep angles from the midrib 
and parallel venation of three weakly differentiated subsets 
of veins are arranged in a BdCdB pattern (K vacek and Her-
man 2004). Transverse veins are oriented obliquely or per-
pendicularly and areoles are elongate and polygonal-quad-
rangular (Kvacek and Herman 2004). 
All the taxa of Araceae described above are based on iso-
lated organs, but whole plants are known from compression 
fossils described as Limnobiophyllum scutatum (Dawson) 
Krassilov emend. Z. Kvacek (1995). These plants were orig-
inally allied with Lemnaceae, in particular the genus Spiro-
dela Schleid., because of their large size, and a relationship 
to the genus Pistia L. was suggested (see Mciver and Bas-
inger 1993 and Kvacek 1995 for a complete discussion of 
the nomenclatural problems for these plants). A similar 
plant, Limnobiophyllum expansum (Heer) K vacek ( 1995), 
was described from the Miocene of Europe and differs from 
L. scutatum in having a vascular strand in the stolons, small-
er rosettes of leaves that may lack an apical notch (Stockey 
et a!. 1997). Large numbers of specimens of Limnobiophyl-
lum scutatum from lacustrine sediments at the Paleocene Jof-
fre Bridge locality in central Alberta, Canada, (Fig. 18-20) 
were studied by Stockey et a!. ( 1997). Whole plants were 
preserved, including stems with attached leaves (Fig. 18) 
with well-preserved epidermis and some internal tissues 
(Fig. 20), stolons, roots, and flowers (Fig. 19), including an-
thers with in situ pollen. Whole plants were reconstructed 
and phylogenetic relationships among Limnobiophyllum, liv-
ing genera of Lemnaceae, Pistia, and other genera of Ara-
ceae were tested with cladistic analysis using the morpho-
logical characters of fossils as well as extant plants (Stockey 
et a!. 1997). 
Traditional morphological studies have indicated a close 
relationship between the floating aroid Pistia and Lemnaceae 
(Rothwell et a!. 2004 ). A single origin of a floating aquatic 
habit is supported by molecular analyses using the chloro-
plast gene rbcL (Duvall et a!. 1993a; Les et a!. 1997) and 
the morphological analysis by Stockey et a!. ( 1997) using a 
combination of fossil and living species. However, other 
analyses using chloroplast restriction site data remove Pistia 
and Lemnaceae to distantly related clades and embed both 
within Araceae (e.g., French et a!. 1995; Mayo et a!. 1997; 
Renner and Weerasooriya 2002). Conflicting morphological 
data (Grayum 1990, 1992; Tarasevich 1990) also indicates 
that this might be the case. Some of the discrepancies be-
tween relationship and phylogenetic position of Lemnaceae 
within the aroids may have been due to low sampling of 
aroid and lemnoid genera in molecular analyses and the in-
clusion of too few taxa to overcome exemplar effects (Roth-
well et al. 2004). To help distinguish between the competing 
hypotheses of affinities and phylogenetic position of Lem-
naceae, a broad range of samples using chloroplast DNA 
sequences of the trnL-trnF intergenic spacer region were 
used in a study by Rothwell et a!. (2004). These data agree 
with the results of French et a!. (1995), Renner and Weera-
sooriya (2002), Cabrera eta!. (2003), and Renner and Zhang 
(2004) that there were probably at least two independent 
origins of a floating aquatic habit in extant aroids (including 
Lemnoideae, formerly Lemnaceae). 
Recent work on Cretaceous fossils from western North 
America, Russia, and now China (Johnson et a!. 1999; K. 
Johnson pers. comm., 2003) on the plant known as "Pistia" 
corrugata Lesq. (Fig. 21-24) indicates that there may be at 
least three or more independent origins of this floating, 
aquatic growth habit. "Pistia" corrugata (Lesquereux 1878) 
has been reported now from numerous sites ranging in age 
from Campanian to Late Maastrichtian (Johnson eta!. 1999). 
Recently, over 70 whole plants have been uncovered at Di-
nosaur Park (Campanian, Dinosaur Park Formation) near 
Brooks, Alberta, that show as many as six plantlets attached 
by stolons on one rock slab (Fig. 21). These small rosettes 
have stems with attached roots and leaves with a basal 
"pouch" that was probably filled with aerenchyma in life 
(Fig. 22). Several vascular bundles enter the leaf base on the 
abaxial side and some of these branch to supply the venation 
on the adaxial leaf surface (Fig. 23). Leaves were trumpet-
shaped with a large aerenchymatous base and a blade that 
probably floated on the surface of the water. There is a sub-
marginal collective vein and at least two marginal veins with 
branching veins that form a fringe or rim around the leaf. 
Examination of compressed leaves from the abaxial surface 
shows that the aerenchymatous tissue did not extend into 
this leaf margin, but was centered under the main circular 
area within the margins. Leaves have a prominent apical 
notch and their surfaces are covered with trichomes. The 
apical notch and several veins entering the leaf blade are 
similar to those seen in Pistia, but details of venation are 
markedly different. Venation in the lateral rim is similar to 
that described by Mayo et a!. (1997) in Carlephyton Jum. 
or Arophyton Jum. (Araceae, subfamily Aroideae, tribe Ar-
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Fig. 21-24.-"Pistia" corrugata.-21. Several plants attached by stolons and showing branched aquatic roots (TMP 95.98.29A) X 
7.5.-22. Leaf showing basal " pouch" and major abaxial venation (DMNH 10383) X 15 .-23. Leaf showing adaxial venation and lateral 
rim (DMNH 10376) X 16.-24. Leaf showing venation on adaxia l surface and in rim (DMNH 8658) X 25. 
ophyteae) that form a submargi nal collective vein and one 
to two marginal veins. These taxa differ considerably in leaf 
shape, however, from "Pistia" corrugata and are not float-
ing aquatics. While these fossil plants known as "Pistia" 
corrugata resemble Pistia in growth habit, they are clearly 
very different morphologically and are being described in a 
new genus. 
Use of taxa such as " Pistia" corrugata or other fossils to 
date the nodes of phylogenetic trees is currently being done 
by some authors. Bremer (2000) followed this approach for 
r 
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the early Cretaceous monocot lineages. These dates, how-
ever, are only as good as the fossil evidence. Descriptions 
of fossils of basal monocots such as Tofieldiaceae (at the 
base of the Alismatales clade, in Graham et al. 2006), based 
on Dicolpopollis pollen that is listed as pending (Muller 
J 981 ), are tentative at best. Clearly the fossil record of Pistia 
(only parts of which are described above) is misinterpreted. 
Many supposed "Pistia" -like plants have been described 
(Mciver and Basinger 1993; Stockey et al. 1997), but some 
of these are so badly preserved that their affinities are very 
doubtful. All of these taxa need to be reexamined and in 
many cases better fossil material discovered. Many similar 
looking aquatics are often lumped into genera with which 
they have nothing in common. 
The genus Porosia Hickey ( 1977) was a name given to 
round, suborbiculate, or reniform bodies that are permeated 
with tubules oriented at right angles to the surface. Porosia 
verrucosa (Lesq.) Hickey has been confused with Limnobio-
phyllum scutatum, L. expansum, Pistia, and maybe other 
taxa as well (Hickey 1977; Serbet 1997; Manchester 2002). 
Krassilov (1973) placed them in Araceae and they have been 
treated as aerenchymatous leaves. Some of the specimens 
actually may be leaves, but others appear to be seeds or 
fruits (Hoffman 1995; Serbet 1997). Serbet (1997) sectioned 
one such "Porosia" -like structure from the Cretaceous near 
Drumheller, Alberta, and found that these were actually 
seed-like bodies rather than leaves. The seed-like bodies are 
also present in the Paleocene Joffre Bridge Flora (Hoffman 
1995), but their preservation does not allow for detailed 
study using sections. The external ornamentation varies from 
that illustrated by Hickey ( 1977), and it is obvious that sev-
eral types of things are being confused because of their sim-
ilar size, shape, and sometimes ornamentation. 
DISCUSSION 
While the fossil record of basal monocots is very incom-
plete, there do seem to be well-preserved and well-identified 
taxa. Prior to the 1970s much of what was described must 
be taken with extreme caution. Rigorous paleobotanical 
study in the past 30 years has resulted in more carefully 
described and interpreted fossil remains. The lack of anatom-
ical and morphological study in extant basal monocots (in 
fact, most angiosperms) has made the paleobotanist's job 
difficult, and often forces us to supply that data as well. 
While most paleobotanists have realized that isolated plant 
organs do not constitute a whole plant, neobotanists often 
do not understand this concept of morphotaxon. 
It has been known for some time that isolated organs of 
very different plants can appear similar or identical in the 
fossil record. This is not only due to the vagaries of pres-
ervation, but is the real result of different rates of evolution-
ary change in morphological characters in different parts of 
the plant. In the dicots a good example of this phenomenon 
would be the extinct taxa included in Cercidiphyllaceae. The 
extinct genera Trochodendrocarpus Kryst., Nyssidium Il-
jinsk., and Joffrea Crane et Stockey all have leaves similar 
to those of extant Cercidiphyllum Sieb. et Zucc. (Crane and 
Stockey 1986). Fruits are follicles with several winged seeds 
and a similar morphology in all taxa. However, when these 
fossil plants are reconstructed, important differences emerge. 
Cercidiphyllum and Joffrea grow by long-shoot/short-shoot 
growth, while Nyssidium and Trochodendrocarpus have only 
been demonstrated to have long-shoot growth. Infructes-
cences of Cercidiphyllum are small with only 2-8 follicles 
per infructescence, while those of the fossil taxa can reach 
15-40 and are borne on elongate racemes (Crane and Stock-
ey 1986). Phyllotaxy varies when attached leaves and leaf 
scars are examined (see Crane and Stockey 1986 for a com-
plete comparison). Thus, if one isolated organ such as a leaf 
or fruit is found, or even an entire infructescence, we do not 
know which of these taxa is present. 
For other types of fossil plants, we know that roots are 
conservative organs and that a root alone is often not enough 
to determine the parent plant (Stewart and Rothwell 1993). 
It is very difficult to tell, with our current state of knowledge 
about fossil monocots, whether these types of problems are 
significant, and caution is advised. While most monocots are 
herbaceous and the interpretation of growth habits of plants 
that are represented by leaves is probably somewhat reliable, 
the differences in rates of evolution of reproductive struc-
tures and vegetative organs, and the combinations of char-
acters present in certain taxa, can only be determined when 
whole plants are reconstructed. An inflorescence similar to 
a particular aroid genus, may indicate that this genus is pres-
ent in the fossil record. However, it may only truly indicate 
that this type of inflorescence is present in the fossil record 
and a level of character evolution for this plant part is 
known. What the whole plant looked like that produced the 
inflorescence is still unknown. Knowing what we know 
about fossil dicots should cause us to question our interpre-
tations based on a single organ and the use of these organs 
in other types of analyses. 
The floating aquatic habit of the plant known as "Pistia" 
corrugata has caused early workers to place this taxon into 
Araceae and the genus Pistia (Lesquereux 1878; Mciver and 
Basinger 1993). However, we now know that this and other 
taxa such as Limnobiophyllum scutatum (Stockey et al. 
1997) have been completely misidentified. 
Evidence of this type of problem from fossil monocots is 
seen in the plant Limnobiophyllum. Isolated pollen was iden-
tified as belonging to Pandanaceae (Elsik 1968; Jarzen 1983; 
Fleming 1990). Even detailed morphological and ultrastruc-
tural characters seemed to indicate a close relationship of 
this pollen (Pandaniidites Elsik [ 1968]) to extant Pandana-
ceae (Hotton et al. 1994 ). However, the discovery of this 
pollen type in the anthers of the flowers of Limnobiophyllum, 
a plant more closely related to Araceae, subfamily Lemno-
ideae, changed our perspective of these as whole plants and 
reinforced the similarities of this pollen type to that de-
scribed for extant duckweeds (Stockey et al. 1997). This 
finding explains the conflicting climatic data suggested by 
the presence of Pandanaceae (primarily tropical) vs. Lem-
naceae (geographically widespread) in Paleocene sediments 
(e.g., Sweet 1986). 
Cladistic analysis and molecular phylogenies have sug-
gested relationships between taxa that have previously been 
difficult to place in a taxonomic framework based on mor-
phology alone. In some cases, conflicts between morphology 
and molecular phylogenies remain unresolved. This is where 
the fossil record has become increasingly important in our 
understanding of the evolution of flowering plants. Further 
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work on basal monocots, using well-preserved and recon-
structed whole plants, promises to provide evidence of many 
of the important character changes that have resulted in the 
combinations of characters that we see in extant basal mono-
cots and will help to determine the mode and tempo of evo-
lution for these groups. 
ACKNOWLEDGMENTS 
The author would like to thank Dr. Else-Marie Friis, 
Swedish Museum of Natural History, Dr. Kirk R. Johnson, 
Denver Museum of Science and Nature, and Dr. Dennis Bra-
man, Royal Tyrrell Museum of Palaeontology, for the loan 
of specimens, and Dr. Josef Bogner, Munich Botanical Gar-
den, for helpful discussion, a critical review, and specimens 
of extant aroids. This work was supported in part by NSERC 
(Natural Sciences and Engineering Research Council of Can-
ada) grant A-6908. 
LITERATURE CITED 
ANGIOSPERM PHYLOGENY GROUP [APG]. 1998. An ordinal classifi-
cation for the families of flowering plants. Ann. Missouri Bot. 
Gard. 85: 531-553. 
ANGIOSPERM PHYLOGENY GROUP II [APG II]. 2003. An update of the 
Angiosperm Phylogeny Group classification for the orders and 
families of flowering plants: APG II. Bot. J. Linn. Soc. 141: 399-
436. 
BERRY, E. W. 1911. Contributions to the Mesozoic flora of the At-
lantic coastal plain. VII. Bull. Torrey Bot. Club 38: 399-424. 
---. 1916. The lower Eocene floras of southeastern North Amer-
ica. United States Geological Survey Professional Paper 91: 1-
481. 
---. 1925. Miocene Araceae related to Caladium from Trinidad. 
Pan-Amer. Geol. 44: 38-42. 
---. 1930. Revision of the Lower Eocene Wilcox flora of the 
southeastern United States. United States Geological Survey Pro-
fessional Paper 156: 1-196. 
---. 1931. A Miocene flora from Grand Coulee, Washington. 
United States Geological Survey Shorter Contributions to General 
Geology. 170-C: 31-42. 
BHARATHAN, G., AND E. A. ZIMMER. 1995. Early branching events 
in monocotyledons-partial 18s ribosomal DNA sequence analy-
sis, pp. 81-107. In P. J. Rudall, P. J. Cribb, D. F. Cutler, and C. J. 
Humphries [eds.], Monocotyledons: systematics and evolution. 
Royal Botanic Gardens, Kew, Richmond, Surrey, UK. 
BOGNER, J. 1976. Die systematische Stellung von Acoropsis Con-
wentz, einer fossilen Aracee aus dem Bernstein. Mitt. Bayer. 
Staatssamml. Paliiontol. 16: 95-98. 
---. 2001. What is Acarus brachystachys Heer? Aroideana 24: 
100-101. 
---, G. L. HOFFMAN, AND K. AULENBACK. 2005. A fossilized 
aroid infructescence, Albertarum pueri gen. nov. et sp. nov. of 
Late Cretaceous (Late Campanian) age from the Horseshoe Can-
yon Formation of southern Alberta. Canad. J. Bot. 83: 591-598. 
BORSCH, T., K. W. HILU, D. QUANDT, V. WILDE, C. NEINHUIS, AND 
W. BARTHLOTT. 2003. Noncoding plastid trnT-trnF sequences re-
veal a well resolved phylogeny of basal angiosperms. J. Evol. 
Bioi. 16: 558-576. 
BOULTER, M. C., AND Z. KVACEK. 1989. The Palaeocene flora of the 
Isle of Mull. Special Papers in Palaeontology, The Palaeontolog-
ical Association, London 42: 1-149. 
BRACK-HANES, S. D., AND A. M. GRECO. 1988. Biomineralization in 
Thalassia testudinum (Liliopsida: Hydrocharitaceae) and an Eo-
cene seagrass. Trans. Amer. Microscop. Soc. 107: 286-292. 
BREMER, K. 2000. Early Cretaceous lineages of monocot flowering 
plants. Proc. Natl. Acad. Sci. U.S.A. 97: 4707-4711. 
BROWN, R. W. 1962. Paleocene flora of the Rocky Mountains and 
Great Plains. United States Geological Survey Professional Paper 
375: 1-119 + 69 pis. 
BuDANTSEV, L. U. 1983. History of Arctic flora of the early Ceno-
phytic epoch. Nauka, Leningrad, Russia. 155 p. [In Russian.] 
BuzEK, C., AND F. HOLY. 1981. Fruits of halophilous water plants 
(Limnocarpus C. Reid, Potamogetonaceae Dumortier) from the 
Cypris Formation of the Cheb and Sokolov Basins. Sbornfk Geo-
logickjch Vi!d. Praha, Rada P. Paleontologie 24: 163-175. 
CABRERA, L. 1., G. A. SALAZAR, M. W. CHASE, AND S. J. MAYO. 
2003. Phylogenetics of Araceae and Lemnaceae: evidence from 
multiple plastid DNA data sets. Third international conference on 
the comparative biology of the monocotyledons. Rancho Santa 
Ana Botanic Garden, Claremont, California, USA, 31 Mar-4 Apr 
2003. Abstract. 
CEVALLOS-FERRIZ, S., AND R. A. STOCKEY. 1988. Permineralized 
fruits and seeds from the Princeton chert (Middle Eocene) of Brit-
ish Columbia: Araceae. Amer. J. Bot. 75: 1099-1113. 
CHANDLER, M. E. J. 1961. Post Ypresian plant remains from the Isle 
of Wight and the Selsey Peninsula, Sussex. Bull. Brit. Mus. (Nat. 
Hist.), Geol. 5: 13-41. 
---. 1964. The lower Tertiary floras of southern England, Vol. 
4. A summary and survey of findings in the light of recent bo-
tanical observations. British Museum (Natural History) London, 
UK. 
CHASE, M. W., D. E. SOLTIS, R. G. OLMSTEAD, D. MORGAN, D. H. 
LES, B. D. MISHLER, M. R. DUVALL, R. A. PRICE, H. G. HILLS, Y.-
L. QIU, K. A. KRON, J. H. RETTIG, E. CONTI, J. D. PALMER, J. R. 
MANHART, K. J. SYTSMA, H. J. MICHAELS, W. J. KRESS, K. G. 
KAROL, w. D. CLARK, M. HEDREN, B. S. GAUT, R. K. JANSEN, K.-
J. KIM, C. F. WIMPEE, J. F. SMITH, G. R. FURNIER, S. H. STRAUSS, 
Q.-Y. XIANG, G. M. PLUNKETT, P. S. SOLTIS, S. M. SWENSEN, S. E. 
WILLIAMS, P. A. GADEK, C. J. QUINN, L. E. EGUIARTE, E. GOLEN-
BERG, G. H. LEARN, JR., S. W. GRAHAM, S. C. BARRETT, S. DAY-
ANANDAN, AND V. A. ALBERT. 1993. Phylogenetics of seed plants: 
an analysis of nucleotide sequences from the plastid gene rbcL. 
Ann. Missouri Bot. Gard. 80: 528-580. 
---,D. E. SoLTIS, P. S. SoLTis, P. J. RuDALL, M. F. FAY, w. H. 
HAHN, S. SULLIVAN, J. JOSEPH, M. MOLVRAY, P. J. KoRES, T. J. 
GIVNISH, K. J. SYTSMA, AND J. C. PIRES. 2000. Higher-level sys-
tematics of the monocotyledons: an assessment of current knowl-
edge and a new classification, pp. 3-16. InK. L. Wilson and D. 
A. Morrison [eds.], Monocots: systematics and evolution. CSIRO 
Publishing, Collingwood, Victoria, Australia. 
---, D. W. STEVENSON, P. WILKIN, AND P. J. RUDALL. 1995. 
Monocotyledon systematics: a combined analysis, pp. 685-730. 
In P. J. Rudall, P. J. Cribb, D. F. Cutler, and C. J. Humphries [eds.], 
Royal Botanic Gardens, Kew, Richmond, Surrey, UK. 
CHEADLE, V. I., AND N. W. UHL. 1948. Types of vascular bundles in 
the monocotyledons and their relationship to the late metaxylem 
conducting elements. Amer. J. Bot. 35: 486-496. 
COLLINSON, M. E. 1982. A reassessment of fossil Potamogetonaceae 
fruit with description of new material from Saudi Arabia. Tertiary 
Research 4: 83-104. 
---. 1986. Friichte und Samen aus dem Messeler Olschiefer. 
Courier Forschungsinst. Senckenberg 85: 217-220. 
---. 1988. Freshwater macrophytes in palaeolimnology. Palaeo-
geogr. Palaeoclimatol. Palaeoecol. 62: 317-342. 
---. 1990. The vegetational change during the Palaeogene in the 
coastal wetlands of South England, pp. 135-139. In E. Knobloch 
and Z. Kvacek [eds.], Proceedings of the symposium "Palaeo-
floristic and palaeoclimatic changes in the Cretaceous and Tertia-
ry." International geological correlation programme [IGCP] 216 
bioevents. Geological Survey, Prague, Czech Republic. 
---, M. C. BOULTER, AND P. L. HOLMES. 1993. Magnoliophyta 
VOLUME 22 Fossil Record of Basal Monocots 103 
(Angiospermae), pp. 809-841. In M. J. Benton [ed.], The fossil 
record. Chapman & Hall, London, UK. 
CoNWENTZ, H. 1886. Die Flora des Bernsteins 2: Die Angiospermen 
des Bernsteins, Danzig. W. Engelmann, Leipzig, Germany. 140 p. 
CooK, C. D. K. 1990. Aquatic plant book. SPB Academic Publish-
ing, The Hague, The Netherlands. 228 p. 
---,AND K. URMI-KONIG. 1983. A revision of the genus Strati-
otes (Hydrocharitaceae). Aquatic Bot. 16: 213-249. 
CRANE, P. R., AND R. A. STOCKEY. 1986. Morphology and develop-
ment of pistillate inflorescences in extant and fossil Cercidiphyl-
laceae. Ann. Missouri Bot. Gard. 73: 382-393. 
---, S. R. MANCHESTER, AND D. L. DILCHER. 1991. Reproductive 
and vegetative structures of Nordenskioldia (Trochodendraceae), 
a vesselless dicotyledon from the early Tertiary of the Northern 
Hemisphere. Amer. J. Bot. 78: 1311-1334. 
CREPET, W. L. 1978. Investigations of angiosperms from the Eocene 
of North America: an aroid inflorescence. Review of Palaeobotany 
and Palynology 25: 241-252. 
CURRAH, R. S., AND R. A. STOCKEY. 1991. A fossil smut fungus from 
the anthers of an Eocene angiosperm. Nature 350: 6320: 698-
699. 
DAGHLIAN, C. P. 1981. A review of the fossil record of the mono-
cotyledons. Bot. Rev. 47: 517-555. 
DAHLGREN, R., AND F. N. RASMUSSEN. 1983. Monocotyledon evolu-
tion: characters and phylogenetic estimation. Evol. Bioi. 16: 255-
395. 
---, M. T. CLIFFORD, AND P. F. YEO. 1985. The families of the 
monocotyledons. Springer-Verlag, Berlin, Germany. 520 p. 
DAVIS, J. I 1995. A phylogenetic structure for the monocotyledons, 
as inferred from chloroplast DNA restriction site variation, and a 
comparison of measures of clade support. Syst. Bot. 20: 503-527. 
---, P. SIMMONS, D. W. STEVENSON, AND J. F. WENDEL. 1998. 
Data decisiveness, data quality, and incongruence in phylogenetic 
analysis: an example from the monocotyledons using mitochon-
drial atpA sequences. Syst. Biol. 47: 282-310. 
---, D. W. STEVENSON, AND J. WENDEL. 1996. Phylogenetics of 
monocots as resolved by four data sets, including the mitochon-
drial gene atpA. Addendum to the 47th AIBS annual meeting 
program, Seattle, Washington, USA, 4-8 Aug 1996. Abstract. 
DILCHER, D. L. 1971. A revision of the Eocene flora of southeastern 
North America. Palaeobotanist 20: 7-18. 
---,AND C. P. DAGHLIAN. 1977. Investigations of angiosperms 
from the Eocene of southeastern North America: Philodendron 
leaf remains. Amer. J. Bot. 64: 526-534. 
DONOGHUE, M. J., AND J. A. DOYLE. 1989. Phylogenetic analysis of 
angiosperms and the relationships of Hamamelidae, pp. 17-45. In 
P. R. Crane and S. Blackmore [eds.], Evolution, systematics and 
fossil history of the Hamamelidae. Clarendon Press, Oxford, UK. 
DoROFEEV, P. I. 1963. The Tertiary floras of western Siberia. Akad. 
Nauk SSSR, Moscow, Russia. [In Russian.] 346 p. 
---. 1966. Pliocenovaja flora Matonova Sada na Donu. Izd. 
Nauka, Moscow, USSR. 87 p. 
---. 1968. 0 plodach roda Limnocarpus C. Reid iz paleogenov-
ych otlozenij SSSR. Dokl. Akad. Nauk S.S.S.R. 180: 1467-1470. 
---. 1969. Dekil'ka odnodol'nich iz neogenovoj flori Ukranjni. 
Ukrayins'k. Bot. Zhurn. 26: 3-9. 
---. 1977. 0 tretichnykh Caldesia Belorussii. Dokl. Akad. Nauk 
S.S.S.R. 21: 176-178. 
---. 1978. On the taxonomy of the Neogene genus Caulinia 
Willd. Bot. Zhurn. (Moscow & Leningrad) 63: 1089-1101. 
DOYLE, J. A. 1973. Fossil evidence on early evolution of the mono-
cotyledons. Quart. Rev. Biol. 48: 399-413. 
---, AND M. J. DoNOGHUE. 1992. Fossils and seed plant phylog-
eny reanalyzed. Brittonia 44: 89-106. 
---, AND P. K. ENDRESS. 2000. Morphological phylogenetic anal-
ysis of basal angiosperms: comparison and combination with mo-
lecular data. Int. J. Pl. Sci. 161: S121-SI53. 
---,AND L. J. HICKEY. 1976. Pollen and leaves from the mid-
Cretaceous Potomac Group and their bearing on early angiosperm 
evolution, pp. 139-206. In C. B. Beck [ed.], Origin and early 
evolution of angiosperms. Columbia University Press, New York, 
USA. 
---, M. J. DONOGHUE, AND E. A. ZIMMER. 1994. Integration of 
morphological and rRNA data on the origin of angiosperms. Ann. 
Missouri Bot. Gard. 81: 419-450. 
DuvALL, M. R. 2000. Seeking the dicot sister group of the monocots, 
pp. 25-32. In K. L. Wilson and D. A. Morrison [eds.], Monocots: 
systematics and evolution. CSIRO Publishing, Collingwood, Vic-
toria, Australia. 
---. 200 I. An anatomical study of anther development in Acarus 
L.: phylogenetic implications. Pl. Syst. Evol. 228: 143-152. 
---, AND A. B. ERVIN. 2004. 18S gene trees are positively mis-
leading for monocot/dicot phylogenetics. Malec. Phylogen. Evol. 
30: 97-106. 
---, M. T. CLEGG, M. W. CHASE, W. D. CLARK, W. J. KRESS, H. 
G. HILLS, L. E. EGUIARTE, J. F. SMITH, B. S. GAUT, E. A. ZIMMER, 
AND G. H. LEARN, JR. 1993a. Phylogenetic hypothesis for the 
monocotyledons constructed from rbcL sequence data. Ann. Mis-
souri Bot. Gard. 80: 607-619. 
---,G. H. LEARN, JR., L. E. EGUIARTE, AND M. T. CLEGG. 1993b. 
Phylogenetic analysis of rbcL sequences identifies Acarus cala-
mus as the primal extant monocotyledon. Proc. Nat!. Acad. Sci. 
U.S.A. 90: 4641-4644. 
ELSIK, W. C. 1968. Palynology of a Paleocene Rockdale Lignite, 
Milam County, Texas. I. Morphology and taxonomy. Pollen & 
Spores 10: 263-314. 
ERWIN, D. M., AND R. A. STOCKEY. 1989. Permineralized monocot-
yledons from the Middle Eocene Princeton chert (Allenby For-
mation) of British Columbia: Alismataceae. Canad. J. Bot. 67: 
2636-2645. 
---, AND ---. 1991. Silicified monocotyledons from the 
Middle Eocene Princeton chert (Allenby Formation) of British 
Columbia, Canada. Review of Palaeobotany Palynology 70: 147-
162. 
---, AND ---. 1992. Vegetative body of a permineralized 
monocotyledon from the Middle Eocene Princeton chert of British 
Columbia. Courier Forschungsinst. Senckenberg 147: 309-327. 
---, AND---. 1994. Permineralized monocotyledons from 
the Middle Eocene Princeton chert (Allenby Formation) of British 
Columbia, Canada: Arecaceae. Palaeontographica B 234: 19-40. 
FEDOTOV, V. V. 1975. 0 sistematicheskoy prinadlezhnosti roda Ni-
tophyllites. Paleontol. Zhurn. 1: 133-136. [In Russian.] 
FLEMING, R. F. 1990. Palynology of the Cretaceous-Tertiary bound-
ary interval and Paleocene part of the Raton Formation, Colorado 
and New Mexico. Ph.D. dissertation, University of Colorado, 
Boulder, USA. 
FRENCH, J. C., M. G. CHUNG, AND Y. K. HUR. 1995. Chloroplast 
DNA phylogeny of the Ariflorae, pp. 255-275. In P. J. Rudall, P. 
J. Cribb, D. F. Cutler, and C. J. Humphries [eds.], Monocotyle-
dons: systematics and evolution. Royal Botanic Garden, Kew, 
Richmond, Surrey, UK. 
FRIIS, E. M. 1985. Angiosperm fruits and seeds from the Middle 
Miocene of Jutland (Denmark). Kongelige Danske Viden Selskab 
Biologisk Skrifter 24: 1-165. 
---, K. RAUNSGAARD PEDERSEN, AND P. R. CRANE. 2004. Araceae 
from the Early Cretaceous of Portugal: evidence on the emergence 
of monocotyledons. Proc. Nat. Acad. Sci. U.S.A. 101: 16565-
16570. 
FRITEL, P. H. 1910. Etude sur les vegetaux fossiles de l'etage Spar-
nacien du Bassin de Paris. Societe Geologique de France Me-
moires Paleontologie 16: 4-37, plates 20-22. 
GANDOLFO, M. A., K. C. NIXON, AND W. L. CREPET. 2000. Mono-
cotyledons: a review of their early Cretaceous record, pp. 44-51. 
InK. L. Wilson and D. A. Morrison [eds.], Monocots: systematics 
104 Stockey ALISO 
and evolution. CSIRO Publishing, Collingwood, Victoria, Austra-
lia. 
---, ---, AND ---. 2002. Triuridaceae fossil flowers from 
the Upper Cretaceous of New Jersey. Amer. J. Bot. 89: 1940-
1957. 
GOLOVNEVA, L. B. 1987. A new species of the genus Haemantho-
phyllum from the Rarytkin Series of Koryak Upland. Bot. Zhurn. 
(Moscow & Leningrad) 72: 1127-1131. [In Russian.] 
---. 1997. Morphology, systematics and distribution of the ge-
nus Haemanthophyllum in the Paleogene floras of the Northern 
Hemisphere. Paleontol. Zhur. 31: 197-207. [English translation of 
original Russian text.] 
GRAHAM, S. W., P. A. REEVES, A. C. E. BURNS, AND R. G. OLMSTEAD. 
2000. Microstructural changes in noncoding chloroplast DNA: in-
terpretation, evolution, and utility of indels and inversions in basal 
angiosperm phylogenetic inference. Int. J. Pl. Sci. 161: S83-S96. 
---, J. M. ZGURSKI, M. A. McPHERSON, D. M. CHERNIAWSKY, J. 
M. SAARELA, E. F. C. HORNE, S. Y. SMITH, W. A. WONG, H. E. 
O'BRIEN, V. L. BIRON, J. C. PIRES, R. G. OLMSTEAD, M. W. CHASE, 
AND H. RAJ. 2006. Robust inference of deep monocot relationships 
using an expanded multigene plastid data set, pp. 3-21. In J. T. 
Columbus, E. A. Friar, J. M. Porter, L. M. Prince, and M. G. 
Simpson [eds.], Monocots: comparative biology and evolution 
(excluding Poales). Rancho Santa Ana Botanic Garden, Clare-
mont, California, USA. 
GRAYUM, M. H. 1990. Evolution and phylogeny of the Araceae. Ann. 
Missouri Bot. Gard. 77: 628-697. 
---. 1992. Comparative external pollen ultrastructure of the Ar-
aceae and putatively related taxa. Mono gr. Syst. Bot. Missouri Bot. 
Gard. 43: 1-167. 
GREGOR, H.-J. 1991. Ein neues fossiles Seegras-Posidoceafrick-
hingeri nov. gen. et spec. im Palliogen Oberitaliens (Verona). Do-
cumenta Naturae 65: 1-ll. 
---. 2003. Erstnachweis von Seegras-Resten (Posidonia) im Ob-
eren Eozan der Nordlichen Kalkalpen bei Hallthurm. Documenta 
Naturae 148: 1-19. 
---, AND J. BoGNER. 1984. Fossile Araceen Mitteleuropas und 
ihre rezenten Vergleichsformen. Documenta Naturae 19: 1-12. 
---, AND---. 1989. Neue Untersuchungen an tertiaren Ar-
aceen. II. Documenta Naturae 49: 12-22. 
HAGGARD, C., AND B. TIFFNEY. 1997. The flora of the early Miocene 
Brandon Lignite, Vermont, USA, VIII. Caldesia (Alismataceae). 
Amer. J. Bot. 84: 239-252. 
HEER, 0. 1870. Die miocene Flora und Fauna Spitzbergens. Kon-
gliga Svenska Vetenskaps-Akademiens Handlingar 8: 1-98. 
HERENDEEN, P. S., AND P. R. CRANE. 1995. The fossil history of the 
monocotyledons, pp. 1-21. In P. J. Ruddall, P. J. Cribb, D. F. 
Cutler, and C. J. Humphries [eds.], Monocotyledons: systematics 
and evolution. Royal Botanic Gardens, Kew, Richmond, Surrey, 
UK. 
---, S. MAGALLON-PUEBLA, R. LUPIA, P. R. CRANE, AND J. Ko-
BYLINSKA. 1999. A preliminary conspectus of the Allon Flora from 
the Late Cretaceous (Late Santonian) of central Georgia, USA. 
Ann. Missouri Bot. Gard. 86: 407-471. 
HICKEY, L. J. 1977. Stratigraphy and paleobotany of the Golden 
Valley Formation (Early Tertiary) of western North Dakota. Geo-
logical Society of America, Inc., Memoir 150: 1-181. 
---,AND R. K. PETERSON. 1978. Zingiberopsis, a fossil genus of 
the ginger family from Late Cretaceous to early Eocene sediments 
of western interior North America. Canad. J. Bot. 56: 1136-1152. 
HILU, K. W., T. BoRSCH, K. MULLER, D. E. SoLTIS, P. S. SOLTIS, V. 
SAVOLAINEN, M. W. CHASE, M.P. POWELL, L.A. ALICE, R. EVANS, 
H. SAUQUET, C. NEINHUIS, T. A. B. SLOTTA, J. G. ROHWER, C. S. 
CAMPBELL, AND L. W. CHATROU. 2003. Angiosperm phylogeny 
based on matK sequence information. Amer. J. Bot. 90: 1758-
1776. 
HOFFMAN, G. L. 1995. Paleobotany and paleoecology of the Joffre 
Bridge Roadcut Locality, Red Deer, Alberta. Master's thesis, Uni-
versity of Alberta, Edmonton, Canada. 
HOTTON, C. L., H. A. LEFFINGWELL, AND J. J. SKVARLA. 1994. Pollen 
ultrastructure and the fossil genus Pandaniidites, pp. 173-191. In 
M. H. Kurmann and J. A. Doyle [eds.], Ultrastructure of fossil 
spores and pollen. Royal Botanic Gardens, Kew, Richmond, Sur-
rey, UK. 
ILJINSKAYA, I. A. 1963. The fossil flora of the Kiin-Kerish Mountain, 
Zaizan Basin II, pp. 143-187. In A. Tahktajan [ed.], Paleobotan-
ica, Vol. 4. Nauka, Moscow, Russia, USSR. 
lVANY, L. C., R. W. PORTELL, AND D. S. JONES. 1990. Animal-plant 
relationships and paleobiogeography of an Eocene seagrass com-
munity from Florida. Palaios 5: 244-258. 
JARZEN, D. M. 1983. The fossil record of the Pandanaceae. Garden 
Bulletin Singapore 36: 163-175. 
JOHNSON, K. R., R. A. STOCKEY, AND G. W. RoTHWELL. 1999. Cre-
taceous and Tertiary aquatic plants from North America: varia-
tions on a theme. Sixteenth International Botanical Congress, St. 
Louis, Missouri, USA, 1-7 Aug 1999. Abstract, 15.12.2: 186. 
JUDD, W. S., C. S. CAMPBELL, E. A. KELLOGG, P. F. STEVENS, AND M. 
J. DoNOGHUE. 2002. Plant systematics: a phylogenetic approach, 
Ed. 2. Sinauer Associates, Inc., Sunderland, Massachusetts, USA. 
576 p. 
KATZ, N. JA., S. V. KATZ, AND M. G. KIPIANI. 1965. Atlas and keys 
of fruits and seeds occurring in the Quaternary deposits of the 
USSR. Nauka, Moscow, Russia. 367 p. 
KEATING, R. C. 2002. Anatomy of the monocotyledons. IX. Acora-
ceae and Araceae. Clarendon Press, Oxford, UK. 327 p. 
KovAR-EDER, J. 1992. A remarkable preservation state of fossil 
leaves recognized in Potamogeton. Courier Forschungsinst. 
Senckenberg 147: 393-397. 
---, AND B. KRAINER. 1990. Faziesentwicklung und Florenab-
folge des Aufschlusses Worth bei Kirchberg/Raab (Pannon, Steir-
isches Becken). Ann. Naturhist. Mus. Wien 91: 7-38. 
KRASSILOV, V. A. 1973. Cuticular structure of Cretaceous angio-
sperms from the Far East of the USSR. Palaeontographica B 142: 
105-116. 
---,AND N. M. MAKULBEKOV. 1995. Maastrichtian aquatic plants 
from Mongolia. Paleontol. J. 29: 119-140. 
KRAUSEL, R. 1929. Fossile Pflanzen aus dem Tertiar von Slid-Su-
matra. Verhandelingen van het geologisch mijnbouwkundig Gen-
ootschap voor Nederland en kolonien (geologische serie). Den 
Haag 9: 335-378. 
Kuo, J., AND A. J. McCoMB. 1998a. Cymodoceaceae, pp. 133-140. 
In K. Kubitzki [ed.], The families and genera of vascular plants, 
Vol. 4. Flowering plants, monocotyledons: Alismatanae and Com-
melinanae (except Gramineae). Springer-Verlag, Berlin, Germany. 
---, AND ---. 1998b. Posidoniaceae, pp. 404-408. In K. 
Kubitzki [ed.], The families and genera of vascular plants, Vol. 4. 
Flowering plants, monocotyledons: Alismatanae and Commeli-
nanae (except Gramineae). Springer-Verlag, Berlin, Germany. 
---,AND---. 1998c. Zosteraceae, pp. 496-502. InK. Ku-
bitzki [ed.], The families and genera of vascular plants, Vol. 4. 
Flowering plants, monocotyledons: Alismatanae and Commeli-
nanae (except Gramineae). Springer-Verlag, Berlin, Germany. 
KVACEK, J., AND A. B. HERMAN. 2004. Monocotyledons from the 
early Campanian (Cretaceous) of Griinbach, lower Austria. Rev. 
Palaeobot. Palynol. 128: 323-353. 
KVACEK, Z. 1995. Limnobiophyllum Krassilov-a fossil link be-
tween the Araceae and the Lemnaceae. Aquatic Bot. SO: 49-61. 
---. 2003. Aquatic angiosperms of the Early Miocene Most For-
mation of north Bohemia (Central Europe). Courier Forschung-
sinst. Senckenberg 241: 255-279. 
LES, D. H., M. H. CLELAND, AND M. WAYCOTT. 1997. Phylogenetic 
studies in Alismatidae, II: evolution of marine angiosperms (sea-
grasses) and hydrophily. Syst. Bot. 22: 443-463. 
LESQUEREUX, L. 1878. Contributions to the fossil flora of the Western 
VOLUME 22 Fossil Record of Basal Monocots 105 
Territories, part 2. The Tertiary flora. United States Geological 
Survey of the Territories, Report 7: 1-366. 
LOCONTE, H., AND D. W. STEVENSON. 1991. The cladistics of Mag-
noliidae. Cladistics 7: 267-296. 
LUMBERT, S. H., C. DEN HARTOG, R. C. PHILLIPS, AND F. S. OLSEN. 
1984. The occurrence of fossil seagrasses in the Avon Park For-
mation (Late Middle Eocene), Levy County, Florida (U.S.A.). 
Aquatic Bot. 20: 121-129. 
MABBERLEY, D. J. 1987. The plant-book. Cambridge University 
Press, Cambridge, UK. 707 p. 
MADISON, M., AND B. H. TIFFNEY. 1976. The seeds of the Monster-
eae: their morphology and fossil record. J. Arnold Arbor. 57: 185-
201. 
MAl, D. H. 1985. Entwicklung der Wasser- und Sumpfpflanzen-Ge-
sellschaften Europas von der Kreide bis ins Quartiir. Flora 176: 
449-511. 
---. 1999. Die untermiozanen Floren a us der Spremberger Folge 
und dem 2. Fliizhorizont in der Lausitz. Teil I: Farnpflanzen, Kon-
iferen und Monokotyledonen. Palaeontographica B 250: 1-76. 
---. 2000. Die mittelmioziinen und obermioziinen Floren aus der 
Meuroer und Raunoer Folge in der Lausitz. Teil I: Farnpflanzen, 
Koniferen und Monokotyledonen. Palaeontographica B 256: 1-
68. 
---, AND H. WALTHER. 1978. Die Floren der Haselbacher Serie 
im Weisselster-Becken (Bezirk Leipzig, DDR). Abhandlungen des 
Staatlichen Museums fur Mineralogie und Geologie zu Dresden. 
28: 1-101. 
---,AND---. 1985. Die obereozanen Floren des Weisselster-
Beckens und seiner Randgebiete. Abhandlungen des Staatlichen 
Museums fiir Mineralogie und Geologie zu Dresden. 33: 1-260. 
MANCHESTER, S. R. 2002. Morphology and phytogeographic history 
of Porosia Hickey in the Cretaceous and Paleocene of Asia and 
North America, and its distinction from Limnobiophyllum Kras-
silov, pp. 180-181. In M. A. Akhmetiev, A. B. Herman, M. P. 
Doludenko, and I. A. Ignatiev [eds.], Special volume, dedicated 
to the memory of the corresponding member of the USSR Acad-
emy of Sciences, Professor Vsevolod Andreevich Vakhrameev. 
GEOS, Moscow, Russia. 
MAYO, S. J. 1991. A revision of Philodendron subgenus Meconos-
tigma (Araceae). Kew Bull. 46: 601-681. 
---, J. BOGNER, AND P. C. BOYCE. 1997. The genera of Araceae. 
Royal Botanic Gardens, Kew, Richmond, Surrey, UK. 370 p. 
MCIVER, E. E., AND J. F. BASINGER. 1993. Flora of the Ravenscrag 
Formation (Paleocene), southwestern Saskatchewan, Canada. Pa-
laeontographica Canadiana 10: 1-67. 
MEYER, F. J. 1932. Beitriige zur Anatomie der Alismataceen. I. Die 
Blattanatomie von Echinodorus. Beih. Bot. Centralbl. 49: 309-
368. 
---. 1935. Untersuchungen an den Leitbiindelsystemen der Al-
ismataceenbliitter als Beitriige zur Kenntnis der Bedingtheit und 
der Leitungen der Leitbiindel-Verbindungen. Planta 23: 557-592. 
MuLLER, J. 1981. Fossil pollen of extant angiosperms. Bot. Rev. 47: 
1-142. 
NADOT, S., G. BITTAR, L. CARTER, R. LACROIX, AND B. LEJEUNE. 
1995. A phylogenetic analysis of monocotyledons based on the 
chloroplast gene rps4, using parsimony and a new numerical phe-
netics method. MoZee. Phylogen. Evol. 4: 257-282. 
NICKRENT, K. A., AND D. E. SOLTIS. 1995. A comparison of angio-
sperm phylogenies from nuclear ISS rDNA and rbcL sequences. 
Ann. Missouri Bot. Gard. 81: 484-533. 
NIKJTIN, V. P. 1976. Flora Mamontovoj Gory po semenam i plodam, 
pp. 131-194. In V. N. Sachs [ed.], Miotsen Mamontovoj Gory. 
Nauka, Moscow. [In Russian.] 
PNEVA, G. P. 1988. A new Tertiary species of Aponogeton (Apono-
getonaceae) from Kazakhstan and Karakalpakia. Bot. Zhurn. 
(Moscow & Leningrad) 73: 1597-1599. [In Russian.] 
QIU, Y.-L., M. W. CHASE, D. H. LES, AND C. R. PARKS. 1993. Mo-
lecular phylogenetics of the Magnoliidae cladistic analyses of nu-
cleotide sequences of the plastid gene rbcL. Ann. Missouri Bot. 
Gard. 80: 587-606. 
---, J. LEE, F. BERNASCONI-QUADRONI, D. E. SOLTIS, P. S. SOLTIS, 
M. ZANIS, E. A. ZIMMER, Z. CHEN, V. SAVOLAINEN, AND M. W. 
CHASE. 2000. Phylogeny of basal angiosperms: analyses of five 
genes from three genomes. Int. J. Pl. Sci. 161: S3-S27. 
RASKY, K. 1964. Studies of Tertiary plant remains from Hungary. 
Ann. Hist.-Nat. Mus. Natl. Hung. 56: 69-71. 
REID, E., AND M. E. J. CHANDLER. 1926. Catalogue of Cainozoic 
plants in the Department of Geology, Vol. 1, The Bembridge flora. 
British Museum (Natural History), London, UK. 206 p. 
RENNER, S. S., AND A. WEERASOORIYA. 2002. Phylogeny of Pistia 
and its 16 closest generic relatives among Aroideae. Botany 2002: 
Botanical Society of America, Madison, Wisconsin, USA, 2-4 
Aug 2002. Abstract. 
---, AND L.-B. ZHANG. 2004. Biogeography of the Pistia clade 
(Araceae): based on chloroplast and mitochondrial DNA sequenc-
es and Bayesian divergence time inference. Syst. Bioi. 53: 422-
432. 
RICE, K., M. DONOGHUE, AND R. OLMSTEAD. 1997. Analyzing large 
data sets: rbcL 500 revisited. Syst. Bioi. 46: 554-563. 
RILEY, M. G., AND R. A. STOCKEY. 2004. Cardstonia tolmanii gen. 
et sp. nov. (Limnocharitaceae) from the Upper Cretaceous of Al-
berta, Canada. Int. J. Pl. Sci. 165: 897-916. 
ROTHWELL, G. W., AND R. A. STOCKEY. 1993. The role of Hydrop-
teris pinnata gen. et sp. nov. in reconstructing the phylogeny of 
heterosporous ferns. Amer. J. Bot. 81: 479-492. 
---, M. R. VANATTA, H. E. BALLARD, JR., AND R. A. STOCKEY. 
2004. Molecular phylogenetic relationships among Lemnaceae 
and Araceae using the chloroplast trnL-trnF intergenic spacer. 
MoZee. Phylogen. Evol. 30: 378-385. 
SAPORTA, M. 1894. Flore fossile du Portugal. Nouvelles contribu-
tions a la flore mesozoique. Direction des Travaux Geologiques 
du Portugal. I.: Academie Royale des Sciences, Lisbon, Portugal. 
280 p. 
SAVOLAINEN, V., M. W. CHASE, S. B. HOOT, C. M. MORTON, D. E. 
SOLTIS, C. BAYER, M. F. FAY, A. Y. BRUHN, S. SULLIVAN, ANDY.-
L. QIU. 2000. Phylogenetics of flowering plants based on com-
bined analysis of plastid atpB and rbcL sequences. Syst. Bioi. 49: 
306-362. 
SERBET, R. 1997. Morphologically and anatomically preserved fossil 
plants from Alberta, Canada: a flora that supported the dinosaur 
fauna during the Upper Cretaceous (Maastrichtian). Ph.D. disser-
tation, Ohio University, Athens, USA. 
SEUBERT, E. 1993. Die Samen der Araceen. Koeltz, Koenigstein, 
Germany. 433 p. 
---. 1997. A comparative study on the seeds of Lasieae (Ara-
ceae). Bot. Jahrb. Syst. 119: 407-426. 
SMILEY, C. J., AND W. C. REMBER. 1985. Composition of the Miocene 
Clarkia flora, pp. 95-112. In C. J. Smiley [ed.], Late Cenozoic 
history of the Pacific Northwest. Pacific Division of the American 
Association for the Advancement of Science, San Francisco, Cal-
ifornia, USA. 
SMITH, S. Y., AND R. A. STOCKEY. 2003. Aroid seeds from the Middle 
Eocene Princeton chert (Keratosperma allenbyense, Araceae): 
comparisons with extant Lasioideae. Int. J. Pl. Sci. 164: 239-250. 
---, AND ---. 2004. Anatomy and development of alismatid 
flowers and fruits from the Middle Eocene Princeton chert. Sev-
enth International Organization of Paleobotany Conference. Bar-
iloche, Patagonia, Argentina, 21-26 Mar 2004. Abstract. 
SOLTIS, D. E., P. S. SOLTIS, M. E. MORT, M. W. CHASE, V. SAVO-
LAINEN, S. B. HooT, AND C. M. MORTON. 1998. Inferring complex 
phylogenies using parsimony: an empirical approach using three 
large DNA data sets for angiosperms. Syst. Bioi. 47: 32-42. 
SOLTIS, P. S., D. E. SOLTIS, AND M. W. CHASE. 1999. Angiosperm 
106 Stockey ALISO 
phylogeny inferred from multiple genes as a tool for comparative 
biology. Nature 402: 402-404. 
---, ---, D. L. NICKRENT, L. A. JOHNSON, w. J. HAHN, S. B. 
HooT, J. A. SWEERE, R. K. KUZOFF, K. A. KRON, M. W. CHASE, 
S. M. SWENSEN, E. A. ZIMMER, S.-M. CHAW, L. J. GILLESPIE, W. 
J. KRESS, AND K. J. SYTSMA. 1997. Angiosperm phylogeny inferred 
from ISS ribosomal DNA sequences. Ann. Missouri Bot. Gard. 
84: 1-49. 
---, ---, M. J. ZANIS, AND S. KIM. 2000. Basal lineages of 
angiosperms: relationships and implications for floral evolution. 
Int. J. Pl. Sci. 161: S97-Sl07. 
STEVENSON, D. W., J. I DAVIS, J. V. FREUDENSTEIN, C. R. HARDY, M. 
P. SIMMONS, AND C. D. SPECHT. 2000. A phylogenetic analysis of 
the monocotyledons based on morphological and molecular char-
acter sets, with comments on the placement of Acarus and Hy-
datellaceae, pp. 17-24. InK. L. Wilson and D. A. Morrison [eds.], 
Monocots: systematics and evolution. CSIRO Publishing, Colling-
wood, Victoria, Australia. 
---, AND H. LocONTE. 1995. Cladistic analysis of monocot fam-
ilies, pp. 543-578. In P. J. Ruddall, P. J. Cribb, D. F. Cutler, and 
C. J. Humphries [eds.], Monocotyledons: systematics and evolu-
tion. Royal Botanic Gardens, Kew, Richmond, Surrey, UK. 
STEWART, W. N., AND G. W. ROTHWELL. 1993. Paleobotany and the 
evolution of plants, Ed. 2. Cambridge University Press, Cam-
bridge, UK. 531 p. 
STOCKEY, R. A., AND G. W. ROTHWELL. 1997. The aquatic angio-
sperm Trapago angulata from the Upper Cretaceous (Maastrich-
tian) St. Mary River Formation of southern Alberta. Int. J. Pl. Sci. 
158: 83-94. 
---, G. L. HOFFMAN, AND G. W. ROTHWELL. 1997. The fossil 
monocot Limnobiophyllum scutatum: resolving the phylogeny of 
Lemnaceae. Amer. J. Bot. 84: 355-368. 
SwEET, A. R. 1986. The Cretaceous-Tertiary boundary in the central 
Alberta Foothills. II. Miospore and pollen taxonomy. Canad. J. 
Earth Sci. 23: 1375-1388. 
TAKHTAIAN, A., V. VAKRAMEEV, AND G. P. RADCHENKO. 1963. Fun-
damentals of paleontology: gymnosperms and angiosperms. Akad. 
Nauk. SSSR, Moscow, Russia. 743 p. 
TAMURA, M. N., J. YAMASHITA, S. FUSE, AND M. HARAGUCHI. 2004. 
Molecular phylogeny of monocotyledons inferred from combined 
analysis of plastid matK and rbcL gene sequences. J. Pl. Res. 117: 
109-120. 
TARASEVICH, V. F. 1990. Palynological evidence of the position of 
the Lemnaceae family in the system of flowering plants. Bot. 
Zhurn. (Moscow & Leningrad) 75: 959-965. [In Russian.] 
TEIXEIRA, C. 1948. Flora Mesoz6ica Portuguesa. I. Memoires de Ia 
Commission du Servicos Geol6gicos de Portuga/115: 1-119. 
TOMLINSON, P. B. 1982. Anatomy of the monocotyledons. VII. He-
lobiae (Alismatidae). Clarendon Press, Oxford, UK. 522 p. 
VOIGHT, E., AND F. W. DOMKE. 1955. Thalassocharis bosquetii Debey 
ex Miquel, ein strukturell erhaltenes Seegras au der ho!Hindischen 
Kreide. Mitteilungen des Geologischen Staatsinstituts Hamburg 
24: 87-102. 
WEYLAND, H. 1957. Kritische Untersuchungen zur Kutikularanalyse 
tertiaren Bliitter III. Monokotylen der rheinischen Braunkohle. Pa-
laeontographica B 103: 34-74. 
WILDE, V. 1989. Untersuchungen zur Systematik der Blattreste aus 
dem Mitteleozan der Grube Messel bei Darmstadt (Hessen, Bun-
desrepublik Deutschland). Courier Forschungsinst. Senckenberg 
115: l-213. 
ZHILIN, S. G. l974a. The Tertiary floras of Ust-Urt. Nauka, Lenin-
grad, USSR. 122 p. [In Russian.] 
---. l974b. The first Tertiary species of the genus Aponogeton 
(Aponogetonaceae). Bot. Zhurn. (Moscow & Leningrad) 59: 
1203-1206. [In Russian.] 
---. 1989. History of the development of the temperate forest 
flora in Kazakhstan, U.S.S.R. from the Oligocene to the early 
Miocene. Bot. Rev. 55: 205-330. 
Note added in proof-The following paper validates Araciphyllites 
tertiarius (Engelh.) Wilde, Kvacek et Bogner comb. nov. and de-
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